Background: Infection with the Human Immunodeficiency Virus (HIV) and malaria are two infectious diseases which are among the leading causes of morbidity and mortality in Sub-Saharan Africa and each a major public health problem. Data on malaria infection among people living with HIV (PLHIV) are poorly defined in Kinshasa as there are very few studies available on the subject. Objective: To determine the rate of co-infection HIV/malaria in Kinshasa to improve the care of PLHIV, this study was initiated to update the data. Methodology: This study was a prospective cohort. 123 volunteers participated in this study in the third month. 114 patients completed the 6month visit. Malaria diagnosis by microscopy was performed at the two medical visits. A sample of 5 ml of blood was also drawn in a tube with EDTA for the determination of viral load and measuring the level of CD4 T cells. Results: In the third month of Antiretroviral Therapy (ART), we had 123 PLHIV (78 women and 45 men). Viral loads (VL) ranged from 390.79 copies/ml (2.59 log10) and  38546691.53 copies/ml (6.59 log10) . The CD4 ranged between 90 and 547 cells/mm 3 . 25 patients (20.33%) were positive for malaria. At 6th month of ART, there were 114 patients (75 women and 39 men). The CV of the population ranged from 0 copies/ml and 2693671.54 copies/ml (6.43 log10). The CD4 at 6th month were in the range between 421 and 984 cells/mm 3 . 20 patients (17.54%) presented positive thick smear for malaria. Conclusion: The prevalence rate of HIV/ malaria co-infection varies between 17.54% and 20.33% in Kinshasa.
Introduction
Infection with Human Immunodeficiency Virus (HIV) and malaria are among the leading causes of morbidity and mortality in Sub-Saharan Africa, and both are major public health issue [1] - [9] . Malaria and HIV infection share the same determinants of vulnerability to infection such as poor socio-economic conditions, illiteracy and under-informed society. Many of these conditions are met in Sub-Saharan Africa [3] [5] [7] . Thus, it is not surprising that malaria and HIV infection overlap geographically in many countries in this region due to the limited access to information, to education, health care services and means of prevention and treatment [3] - [9] .
In addition, separate epidemiological data for these two infections are alarming in the Sub-Saharan African region. In this region, nearly 27 million cases of HIV in 2011, representing 67% of global infections [1] [3]- [9] ; about 207 million cases of malaria in 2012, roughly 81% of global infections [2] .
The Democratic Republic of Congo (DRC) is a country with low HIV seroprevalence (<5.0%) [10] . In its epidemiological bulletin, the Ministry of Public Health reported 7,284,362 of malaria cases in 2009 with 15,685 deaths [11] . DRC is counted among the five most affected countries and totaling the highest number of deaths due to malaria in the world [2] [3] . Kinshasa is located in an area of high malaria endemicity but low HIV seroprevalence [2] [3] . Therefore, HIV-malaria co-infection is a current problem.
Data on malaria infection among people living with HIV (PLHIV) are poorly defined in Kinshasa as there are very few studies available on the subject [5] . This study was conducted to fill the gap on malaria-HIV co-infection in Kinshasa, DRC.
Methodology

Study Design
This was a prospective cohort study conducted in different Antiretroviral Treatment Centers (ATC) in Kinshasa. It took place from December 2012 to November 2013.
Patients
All patients living with HIV (PLHIV) and aged at least 18 years, regardless of sex, followed in the selected ATCs, having an up to date file and who consented were eligible. Pregnant women were not included. One hundred and twenty-three (123) volunteers participated in this study. They were recruited during their medical visit on the 3rd month of antiretroviral treatment follow up. They were followed in collaboration with the ATC until their 6th month visit for the second sampling. One hundred and fourteen (114) patients completed the 6-month visit. Nine (9) patients were missing from the ATC community services.
Malaria Diagnosis and Blood Sampling
Malaria diagnosis was performed by microscopy at months 3 and 6 medical visits. Thin and thick smears were performed from a finger prick. Staining was done with 10% Giemsa during 10 min. The reading was done in duplicate using an ordinary microscope 1000× magnification (100× and 10× eyepiece lens). All samples were carried out by the technical staff of ATC.
Viral Load and Blood Sampling
A sample of 5 ml of venous blood was also collected from the median vein in the elbow in a tube with EDTA anticoagulant for the determination of Viral Load (VL) [12] [13] and measuring the level of CD4 T-cell by FACS Count. CD4 counting was done routinely for all patients with a positive thick smear. Pairing by sex and age was done to determine other PLHIV for which we should measure CD4. The determination of VL was carried in the Molecular Biology Laboratory of the Medical School at the University of Kinshasa (UNIKIN). All VL were run in duplicate and only the mean values were used. February 2015 | Volume 2 | e1077
Ethical Considerations
This study was approved by the Ethics Committee of the School of Public Health, University of Kinshasa (ESP-UNIKIN) as well as the different ATC with whom we worked. The security and confidentiality of the patients were followed throughout the study.
Data Analysis
The statistical test Chi-square was used for qualitative variables and Student's t test for quantitative variables. The level of significance (p) was used for the probability of p < 0.05. The Mann-Whitney-Wilcoxon was used to compare data.
Results
Out of 123 PLHIV recruited on the 3rd month of Antiretroviral Therapy (ART), we have 78 women and 45 men, a sex ratio of 1.73:1. The age group most represented in our group was 31 to 40 years with 37.40% of the cases ( Table 1 ). Viral Loads (VL) of the population ranged from 390.79 RNA copies/ml (2.59 log 10 ) to 38546691.53 RNA copies ml (6.59 log 10 ) respectively minimum and maximum values with a median of 9837.65 RNA copies/ ml (3.99 log 10 ) ( Table 2 and Table 3 ). The CD4 ranged between 90 and 547 cells/mm 3 respectively minimum and maximum values, with a median of 356 cells/mm 3 ( Table 2 and Table 4 ). A total of 25 (20.33%) patients were positive for malaria, or 20.33% of co-infection on the 3rd month.
At 6 months of ART, 114 patients from the initial group returned, 92.68% return turn-over. There were 75 women and 39 men, with a sex ratio of 1.92:1. The age group of 31 to 40 years was the most represented with 37.72% of cases ( Table 1) . The VL ranged from 0 RNA copies/ml (undetectable) to 2693671.54 RNA copies/ ml (6.43 log 10 ) respectively minimum and maximum values, with a median of 892.85 RNA copies/ml (2.95 log 10 ) ( Table 2 and Table 3 ). The CD4 at 6 months were in the range between 201 and 984 cells/mm 3 respectively minimum and maximum values, with a median of 451 cells/mm 3 ( Table 2 and Table 4 ). A total of 20 (17.54%) patients had positive TF for malaria, or 17.54% of co-infection at the 6th month. The results are presented as median +/− Standard Deviation because the distribution does not meet the normal distribution.
All patients were taking first-line treatment according to the national program; 2 Nucleotide Inhibitor of the Reverse Transcriptase (Lamivudine and Zidovudine) and 1 Non-Nucleotide Inhibitor of the Reverse Transcriptase (Nevirapine or Efavirenz) [10] .
Discussion
HIV infection and malaria are two diseases that affect the immune system. Their combination is commonly called a "cursed pair" [7] - [9] . HIV/malaria co-infection is a combination detrimental to the patient. One is the aggravating factor of the other and vice versa. The immunosuppression caused by the HIV infection makes the individual susceptible to recurrent episodes of severe malaria [5] - [9] [14] [15] . Malaria affects as well the immune system and induces a high viral replication, thus the presence of high VL in co-infected PLHIV [5] - [9] [14] [15] .
In the third month of ART, the prevalence of co-infection HIV/malaria was 20.33%. The median values of Viral Load (VL) are 730606.74 and 34781.40 RNA copies/ml (5.86 log 10 and 4.54 log 10 ) respectively for the groups of HIV patients positive for malaria and those negative. The difference values of the VL are significant (p < 0.001). The difference of VL in the 2 groups further confirms the involvement of malaria infection in viral proliferation as mentioned in literatures [5] - [9] [14] [15] . The median levels of CD4 are 310.69 and 355.80 cells/ mm 3 for co-infected patients and the not-co-infected. The prevalence of HIV/malaria co-infection in the 3rd month is of 20.33% of co-infected patients.
At the 6th month of ART, the prevalence of co-infection HIV/Malaria was 17.54%. The median VL values are 490890.36 and 1044.72 RNA copies/ml (5.69 log 10 and 3.02 log 10 ) respectively for co-infected patients and not co-infected. The median levels of CD4 are respectively 369.65 and 629.45 cells/mm 3 . The differences in VL values (p < 0.001) and CD4 (p < 0.001) were significant. At this stage of HIV infection, a patient on ARVs must retrieve a more or less normal immunological activity; thus non-co-infected CD4 high values at the 6th month for patients. At 6th month of ART, the rate of co-infection is 17.54%.
The difference between the prevalence of HIV/malaria co-infection at M3 and M6 is not significant. Therefore, in our population, we have a co-infection rate in the range of 17.54% and 20.33%. February 2015 | Volume 2 | e1077
Previous work by Nyimi, M.L., et al. [16] reported in 2001 a HIV/malaria co-infection of 16% in a hospital institution in 24 patients with renal insufficiency. Kamangu, N.E., et al. [17] reported in 2012 a co-infection of 10.60% in PLHIV followed in a military hospital. In 1996, Situakibanza, et al. [18] found a rate of 40% for the co-infection HIV/malaria in HIV patients admitted for fever in a hospital institution. These figures differ because of modes recruitment of patients, institutions, and also periods of study. The higher rates reported by Situakibanza, et al. [18] could also be explained by the fact that the PLHIV in his study were not on ART and all had fever, one of the classic clinical expressions of malaria. However, the issue was presented as the geographic superposition of 2 epidemics causes a problem of co-infection in our region. Thus malaria diagnosis should be included routinely for PLHIV follow up in our region.
As the rate of co-infection at the 6th month of ART approaches the rate of treatment failure of ART reported in Kinshasa [19] , it would be wise to systematize the search for an HIV/malaria co-infection before considering clinical treatment failure. If possible, a VL reassessment should be done 2 weeks later.
Conclusion
Currently, the prevalence of HIV/malaria co-infection varies between 17.54% and 20.33% in Kinshasa. This coinfection challenges the notion of antiretroviral therapy failure. Thus, it requires systematization of the malaria diagnosis at the 6th month visit to determine the implication of a possible co-infection before evaluating the treatment.
